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rom Postmortem
haracterization to the In Vivo
etection of Thin-Capped
ibroatheromas: The Missing
ink Toward Percutaneous
reatment
hat If Diogenes Would Have
ound What He Was Looking For?*
atrick W. Serruys, MD, PHD, FACC,
ector M. Garcia-Garcia, MD, MSC, FACC,
velyn Regar, MD, PHD
otterdam, the Netherlands
n this issue of the Journal, Kubo et al. (1) and Cheruvu
t al. (2) provide essential anatomical information about
laques that cause acute coronary thrombotic occlusion and
heir postulated precursors, thin-capped fibroatheromas
TCFAs). Histopathological assessment (Cheruvu et al. [2])
f the epicardial vascular tree revealed that the incidence of
CFAs and ruptured plaques is low and their spatial
istribution is focal. An in vivo investigation of patients
ith acute myocardial infarction (Kubo et al. [1]) confirmed
hat, indeed, ruptured TCFA is the predominant morpho-
ogic substrate. Linking these observations together can cast
ight on possible options for treatment of such coronary
esions.
See pages 933 and 940
rom Postmortem Observations
o the In Vivo “Hot Plaque” Characterization
he current paradigm postulates a particular morphology
or so-called vulnerable plaques, including a thin fibrous cap
verlying a necrotic-rich core. However, it is difficult to
ranslate postmortem findings into a prospective, prognos-
ically relevant concept for patients.
Editorials published in the Journal of the American College of Cardiology reflect the
iews of the authors and do not necessarily represent the views of JACC or theg
merican College of Cardiology.
From the Thoraxcenter, Rotterdam, the Netherlands.When is a fibrous cap considered thin? Pioneering
athology studies applied various criteria regarding study
opulation, region of interest, and cap definition. Mann and
avies (3) reported on 160 coronary plaques obtained from
1 subjects who died of sudden cardiac death. Mean cap
hickness was 250 m (range 20 to 1,140 m) in types IV
nd V plaques. Burke et al. (4) sectioned coronaries at
-mm intervals. Only cross sections with more than 50%
umen narrowing were analyzed. In ruptured plaques, fi-
rous cap thickness was 23  19 m, and in 95% of these
laques cap thickness was 65 m. This value of cap
hickness of ruptured plaques has been used—maybe inap-
ropriately—for the definition of nonruptured TCFA (5),
espite the fact that TCFAs have less necrotic core, less
holesterol clefts, and less macrophage infiltration compared
ith ruptured plaque.
he present reports use the <65-m criterion to define
CFA. However, there is no consensus among clinicians
nd pathologists regarding the critical threshold for cap
hickness that would reliably predict imminent plaque
upture. The criticism of clinicians stems from the fact that
pplication of absolute histomorphometric values can be
isleading due to anisotropic tissue shrinkage and to the
ack of longitudinal data. In addition, the absence of a
echnique able to provide an accurate cap assessment in vivo
as resulted in a lack of knowledge on the natural history of
uch plaques.
Optical coherence tomography (OCT), the optical ana-
ogue to pulse-echo ultrasound imaging, can directly visu-
lize a thin fibrous cap. Currently, intracoronary OCT
ystems work with a resolution of 10 to 15 m. Cilingiroglu
t al. (6) demonstrated that OCT is able to accurately
isualize thin fibrous caps in vivo (7). Optical coherence
omography can evaluate the macrophage content (7–9) and
he collagen composition of a fibrous cap (7). In the current
ssue, Kubo et al. (1) evaluated the ability of intracoronary
CT to assess culprit lesions during primary percutaneous
oronary intervention in patients with acute myocardial
nfarction. Optical coherence tomography was superior in
etecting plaque rupture and erosion as compared with
ntravascular ultrasound (IVUS) and angioscopy. The study
s remarkable in several respects. Obviously, it demonstrates
he feasibility of a complex imaging protocol including
VUS, angioscopy, and OCT in the acute setting. Secondly,
t confirms the pathology-driven hypothesis of the promi-
ent role of TCFA rupture in acute coronary thrombotic
cclusion. Third, it allows for the first time in vivo estima-
ion of critical cap thickness in patients. The thickness of
he remnants of the fibrous cap after symptomatic rupture
easured in vivo was 49  21 m. These observations
epresent a very encouraging step toward a prospective,
n-vivo evaluation of “hot” plaques at high risk for acute
oronary events. However, the results should be interpreted
ith caution. The incidence of plaque rupture cannot be
eneralized, as there was considerable selection bias in the
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September 4, 2007:950–2 Editorial Commenttudy cohort. Optical coherence tomography differentiation
f necrotic-rich core from calcified plaque by visual assess-
ent of the gray scale image can be difficult (10). Therefore,
t would important to know the actual intra- and interob-
erver variability of Kubo et al. (1) to assess the accurateness
f their results.
hen Distribution and Frequency Matters
s atherosclerosis is a systemic disease, plaque rupture is
onsidered a ubiquitous process that may be clinically silent
r symptomatic in different regions of the vascular system.
n patients with acute coronary syndrome (ACS), Rioufol
t al. (11) reported at least 1 plaque rupture remote from the
ulprit lesion in 80% and remote from the culprit artery in
1% of their patients. A meta-analysis described that more
han 20% of ACS patients have more than 1 ruptured
laque (12). Likewise, a high prevalence of rupture-prone
esions throughout the coronary tree has been reported by
ngiography (13), angioscopy (14), and palpography (15).
The report of Cheruvu et al. (2) is at variance with
revious reported data. First, the prevalence of TCFA and
uptured plaques is low (0.46  0.95 and 0.38  0.70 per
eart, respectively), focal, and located in the proximal seg-
ents of the coronaries. In earlier studies, up to 3 TCFA
ere found per heart (16). Explanations for this might be
emographic differences in studied population and in meth-
ds, namely longitudinal instead of cross-sectional cutting of
he coronaries. Second, necrotic core size was relatively small
or both, TCFA (1.6 1.8 mm2; length 2.7 2.0 mm) and
uptured plaques (2.2 1.9 mm2; length 1.9 3.6 mm). In
revious studies, the size of necrotic core in TCFAs was
.7  1.1 mm2 with a length of 8 mm (range 2 to 17 mm),
nd in ruptured plaques 3.8  5.5 mm2, with a length of 9
m (range 2.5 to 22 mm) (5). The difference in length is
triking. Therefore, we may wonder whether the intrinsic
isk varies among the type of lesions that are labeled by the
ame morphologic term “TCFA.”
The Cheruvu et al. (2) findings have potentially impor-
ant clinical implications, since maybe only TCFA that are
roximally located, with large necrotic core and outward
emodeling, should be considered for local treatment. Un-
ortunately, remodeling index is not reported, likely due to
he methodology (longitudinal cut in 4 quadrants).
To date, there is no single marker that can accurately
dentify the risk of rupture for an individual plaque. But it
as been suggested that assessment of several plaque char-
cteristics (morphologic, biochemical, and mechanical) may
mprove the ability to correctly diagnose vulnerable plaques.
adiofrequency IVUS data analysis (e.g., virtual histology,
alpography) has emerged as a tool to potentially detect
CFAs in vivo. In a recent study, patients with ACS
nderwent IVUS-VH analysis of all 3 epicardial coronaries.
n average, there were 2 IVUS-derived TCFA per patient
ith half of them showing outward remodeling (17). Inter-
stingly, the size of the necrotic core (1.2  0.8 mm2) is inine with the Cheruvu et al. (2) histopathological data.
nother interesting approach is the combination of VH and
alpography. Both datasets can be simultaneously acquired
uring one single IVUS pullback, allowing for the assess-
ent of both morphologic and biomechanical properties of
particular plaque. Assessing several characteristics of a
iven plaque could potentially enhance invasive risk strati-
cation by identifying very high-risk plaques, thereby low-
ring the number of vulnerable plaques that deserve to be
ollowed over time and ultimately treated.
hat If Diogenes Would Have
ound What He Was Looking For?
he cynic Greek philosopher Diogenes walked through
thens in broad daylight carrying a lighted lamp, looking
or an honest man. Needless to say, he never found one.
What if we ever became able to identify in vivo the
ncommon TCFAs on the verge of imminent rupture?
essel wall reinforcement should be considered mandatory.
deally, lesion coverage and cap reinforcement by a dedi-
ated shield with thin and dense struts (permanent or
referably absorbable) strong enough to progressively
hange the geometry of the lumen by self-expansion with-
ut rupturing the cap would be appealing. Computational
nite element and fluid dynamics taught us that geometrical
hanges in lumen shape can affect local mechanics unfavorably
r favorably, either leading to plaque rupture or to reinforce-
ent of the thin fibrous cap (18,19). Finally, having acutely
onstrained the necrotic core, it should subsequently be re-
uced by a pharmacologic agent or mechanically. Furthermore,
egeneration of the endothelium and recovery of its function-
lity, possibly by passive or active endothelial cell attraction,
ould heal the endothelial lining, while drugs specifically
argeting the necrotic core could be released abluminally. Such
ewly designed absorbable stents are currently contemplated as
uture focal treatment for vulnerable plaque.
eprint requests and correspondence: Dr. Patrick W. Serruys,
horaxcenter, Ba583, Dr. Molewaterplein 40, 3015-GD Rotter-
am, the Netherlands. E-mail: p.w.j.c.serruys@erasmusmc.nl.
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